Because of improving treatments and survival, 40% to 58% of patients with bone metastases from nonsmall cell lung cancer (NSCLC) will suffer from at least one skeletal-related event (SRE), affecting their quality of life, but the natural history of SRE is poorly understood. The study aimed to examine the factors involved in SRE-free survival (SRS) and overall survival (OS) of patients with NSCLC and bone metastases.
Introduction
Lung cancer has a high incidence and mortality. [1] Nonsmall cell lung cancer (NSCLC) represents about 85% of all cases of lung cancer. [2] NSCLC mainly affects men aged 55 to 65 years. [3] In China, the incidence of NSCLC is 61.9/100,000 men and 29.5/ 100,000 women, with mortality rates of 50.0/100,000 men and 23.3/100,000 women. [4] The incidence of NSCLC has increased over the last decade in China, particularly among men living in urban areas. [4] Survival to NSCLC is poor, with 5-year overall survival (OS) of 58%, 35%, 10%, and 2% for stage I, II, III, and IV disease, respectively. [5] Because of this poor survival, the morbidity of lung cancer is often overlooked among survivors. Nevertheless, because of the improving OS of patients with advanced NSCLC due to better therapeutic approaches, [6] managing survivorship is becoming an important clinical issue. Bone metastasis is one of the most common complications among lung cancer survivors. [7] These patients often have a dramatic decline of quality of life (QOL) due to pain and physical limitations and a shortened OS. [7, 8] Some patients with bone metastases may suffer from skeletalrelated events (SREs), that is, pathological fracture, spinal cord compression, and malignant hypercalcemia. [7, 9] Previous studies showed that about 40% to 58% of patients with bone metastases from NSCLC will have at least 1 SRE during their lifespan. [7, 10] SRE usually appears within the first 5 to 6 months after the diagnosis of bone metastasis. [7, 10] Risk factors for SREs include
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bone metastases at diagnosis, number of bone metastases, male gender, poor performance status, and baseline hypercalcemia. [9, 11] SREs are associated with pain that requires advanced management and with declines in all components of QOL. [12, 13] In addition, OS is shorter among patients with SRE compared with patients with bone metastases but without SRE. [9] Severe bone symptoms may require surgery or radiotherapy to improve the QOL of the patients. [7, 9] Nevertheless, the natural history of SREs in patients with NSCLC and bone metastases is poorly understood, especially in Chinese patients. In addition, there is a need to improve the SREfree survival (SRS) among these patients in order to improve their management and QOL. Therefore, the aim of the present study was to examine the factors involved in SRS and OS among patients with NSCLC and bone metastases.
Materials and methods

Study design and patients
This was a retrospective study of 211 patients with bone metastasis from NSCLC admitted to the Tumor Hospital Affiliated to Harbin Medical University between January 2007 and January 2012. The medical records were searched for cases of NSCLC with bone metastasis. All patients have been confirmed to be with NSCLC according to symptoms and signs (cough, bloody sputum or hemoptysis, shortness of breath or stridor, fever, weight loss, chest pain, hoarseness, dysphagia, hydrothorax, symptoms and signs caused by metastasis, and paraneoplastic syndrome) and histological examination based on the 2004 World Health Organization criteria. [14] Diagnostic criteria for bone metastasis were: bone abnormal radioactive concentration by ECT bone scan; and confirmed by X-ray, computed tomography, magnetic resonance imaging, and/or positron emission tomography. Exclusion criteria were: incomplete clinical and pathological data; or the presence of a primary tumor other than NSCLC.
This study was approved by the ethics committee of the Tumor Hospital Affiliated to Harbin Medical University. The need for individual consent was waived by the committee because of the retrospective nature of the study.
Data collection
The clinical and pathological data included gender, age (≥60 vs <60 years old), histological type (adenocarcinoma vs squamous cell carcinoma), ECOG performance score at first bone metastasis (2 vs >2), [15] number of bone metastases (<3 vs ≥3), TNM stage according to the 7th edition of AJCC TNM staging, lactate dehydrogenase (normal: 100-300 U/L), alkaline phosphatase (normal: 40-150 U/L), and albumin (normal: 35-50 g/L).
Follow-up and outcomes
After diagnosis of lung cancer, patients were followed up every 3 months for 2 years and then yearly thereafter. Death or last follow-up was considered as the end of follow-up. For surviving patients, follow-up was censored on June, 2016. The follow-ups were conducted by phone, text message, outpatient service, or medical records.
SRE diagnostic criteria were: pathological fracture; spinal cord compression; malignant hypercalcemia; and/or severe bonerelated symptoms that require surgery or radiotherapy for management, including (but not limited to) pain and symptom of nerve compression. [7, 9] SRS was calculated as the time from the diagnosis of primary lung cancer to diagnosis of SRE. Survival without SRE was calculated as the time from the diagnosis of primary lung cancer to death or last follow-up. OS was calculated as the time from the diagnosis of primary lung cancer to death or last follow-up.
Statistical analysis
Continuous data were presented as mean ± standard deviation and analyzed using the Student t-test. Categorical data were presented as frequencies and analyzed using the Fisher exact test. The Kaplan-Meier method was used for survival analysis and the logrank test was used to compare the curves. Multivariate analysis was conducted using the Cox regression model to screen for factors independently associated with OS and SRS. Subgroup analysis was performed according to clinical staging at first diagnosis, using the Kaplan-Meier method and the log-rank test for comparison between the biphosphonate and nonbiphosphonate groups. SPSS 22.0 (IBM, Armonk, NY) was used for statistical analysis. Twosided P-values <0.05 were considered statistically significant. Table 1 presents the characteristics of the patients. There were 125 males and 86 females (ratio of 1.45:1). The median age was 57 years old (range, 22-80). Most patients were stage IV at diagnosis (77.7%). The ECOG performance status was >2 in 172 patients (81.5%). Most patients had ≥3 bone metastases (67.8%) and were suffering from bone pain (82.9%). Bone metastases were observed in the spine in 146 patients (69.2%), ribs in 120 (56.9%), pelvis in 70 (33.2%), limb bone in 31 (14.7%), and skull in 14 (6.6%).
Results
Characteristics of the patients
Skeletal-related events
Eighty-one patients had a reported SRE (38.4%). Eleven patients had 2 or more types of SRE (5.2%), for a total of 92 SRE events. Among these events, 75 were serious SREs that needed surgery or radiotherapy, 7 were pathological fractures, 7 were spinal cord compressions, and 3 were malignant hypercalcemia.
Overall survival
Six patients were lost to follow-up, for an overall follow-up rate of 97.2%. The median follow-up was 18 months and the longest was 98 months. The 1 year OS rate of the 211 patients was 55.9% and the median OS was 30 months (range, 1-98 months) (Fig. 1). 
Univariate and multivariate analyses of OS
Univariate analyses showed that the clinical staging at initial diagnosis (P < .001), number of bone metastases (P = .013), SRE (P = .022), pleural effusion (P = .025), primary tumor surgery (P < .001), chemotherapy (P = .010), and alkaline phosphatase levels (P = .047) were significantly associated with OS of patients with bone metastasis from NSCLC (Table 1) . These factors were included in a Cox regression model and the results showed that the clinical staging at initial diagnosis (P < .001) and SRE (P = .033) were independently associated with OS (Table 1) . Kong 
Univariate and multivariate analyses of SRS
Univariate analyses showed that the clinical staging at initial diagnosis (P = .002), number of bone metastases (P = .024), bone pain (P < .001), metastases to other organs (P = .003), primary tumor radiotherapy (P < .001), chemotherapy (P = .041), endothelial growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI) treatment (P = .003), and albumin levels (P = .046) were associated with SRS (Table 2) . These factors were included in a Cox regression model and the results showed that clinical staging at initial diagnosis (P = .009), bone pain (P = .008), primary tumor radiotherapy (P < .001), and chemotherapy (P = .031) were independently associated with SRS of patients with bone metastasis from NSCLC (Table 2 ).
Subgroup analysis based on biphosphonate therapy
The Kaplan-Meier SRS analyses and the log-rank test showed that stage I, II, and III patients under biphosphonate therapy fared better than those without biphosphonate treatment (P = .023, P = .009, and P = .042, respectively ( Fig. 2A-C) . There was no difference among stage IV patients (P = .923) (Fig. 2D) . Based on the available data, there were no differences in OS and SRS for chemotherapy versus no chemotherapy and for EGFR-TKI versus no EGFR-TKI (data not shown).
Discussion
Because of improving treatments and survival, 40% to 58% of patients with bone metastases from NSCLC have at least 1 SRE during their lifespan, affecting their QOL, [7, 10] but the natural history of SRE is poorly understood. Therefore, this study aimed to examine the factors involved in SRS and OS of patients with NSCLC and bone metastases. Multivariate analyses showed that the clinical staging at initial diagnosis and SRE were independently associated with OS, and that clinical staging at initial diagnosis, bone pain, primary tumor radiotherapy, and chemotherapy were independently associated with SRS. The identification of factors associated with OS and SRS of patients with NSCLC and bone metastases should provide new clues for a better management of these patients.
Previous studies showed that the spinal column is the most common site of bone metastasis, [16] but in the present study, we found that the most common sites of bone metastasis were the spinal column (69.2%) and the rib cage (56.9%), which is supported by Tsuya et al. [17] SRE not only reduces the QOL of patients with NSCLC, but is also associated with higher treatment costs and poorer prognosis. Cetin et al [18] showed that the incidence of bone metastasis and SRE was higher in patients with NSCLC than in patients with small cell lung cancer and that SRE led to higher mortality. Another study showed that the OS of patients without SRE was longer than in patients with SRE and the survival rates of bone metastasis patients with and without SRE were 36% and 45%, respectively. [9] In the present study, a similar tendency was observed, but with higher survival rates (51.9% and 63.8%, respectively). The present study showed that SRE was an independent factor affecting the OS of patients with bone metastasis from NSCLC, which is supported by Ulas et al. [9] Previous studies revealed a variety of factors associated with SRS. Ulas et al [9] showed that the presence of bone metastases at initial diagnosis, the number of bone metastases, baseline hypercalcemia, and palliative radiotherapy were independently associated with SRS. Sekine et al [11] showed that male gender and multiple bone metastases were associated with SRS. Sun et al [19] showed that smoking, histological subtype, performance status, and no EGFR-TKI therapy were associated with SRS. Finally, da Silva et al [20] showed that smoking, performance status, and multiple bone metastases were associated with SRS. In the present study, clinical staging at initial diagnosis, bone pain, primary tumor radiotherapy, and chemotherapy were independently associated with SRS of patients with bone metastasis from NSCLC. Discrepancies among studies could be due to a number of factors such as study population, available data, and genetic variations around the globe.
Radiotherapy combined with chemotherapy is the main treatment approach for lung cancer. [21] This approach can kill tumor cells, both local and disseminated, reducing the novel and/or progression of bone metastases and delay SRE occurrence. The present study showed that radiotherapy of the primary tumor did not prolong OS, but extended SRS, which has not been shown in previous studies. It is generally considered that tumors of the skeletal system have a low sensitivity to cytotoxic drugs, [22] despite anecdotal case reports suggesting a possible efficacy of chemotherapy combined to biphosphonate. [23] The results of this study showed that chemotherapy was independently associated with SRS. In addition, the results suggest that the use of biphosphonate improved survival in patients with stage I, II, and III cancer at diagnosis. Biphosphonate is usually used as prevention to reduce the occurrence of SRE in patients with bone metastasis from breast cancer and multiple myeloma, [24] but Ulas et al [9] showed that SRS was significantly longer with biphosphonate therapy than without biphosphonate among patients with NSCLC. In addition, Henk et al [25] found that the fracture risk of patients with bone metastases was lower when using zoledronic acid. Biphosphonate can inhibit the activity of osteoclasts and decrease the dissolution and destruction of trabecular bone, thereby preventing a variety of SRE caused by tumor metastasis.
The present study is not without limitations. The sample size was small and from a single center. Because of the retrospective nature of the study, some variables that were not included in the medical charts could not be studied. Systematic screening for all metastases in other organs was not performed in all patients, and many had suspicions of metastases based on imaging, but without histopathological confirmation. Because of the retrospective nature of the study and because some patients were managed at more than one hospital, we could not obtain the exact treatment data for the whole follow-up of all patients, especially for EGFR-TKI drugs that are given orally. Finally, because the patients were from before 2015, the 2004 WHO criteria were used for diagnosis [14] instead of the 2015 criteria. [26] Additional studies are still necessary to assess the factors associated with SRE in patients with NSCLC.
Conclusions
In conclusion, clinical staging at initial diagnosis and SRE were independently associated with OS of patients with NSCLC and 16 Abnormal (n = 33) 10 ALB = albumin, ALP = alkaline phosphatase, EGFR-TKI = epidermal growth factor receptor-tyrosine kinase inhibitor, LDH = lactate dehydrogenase, NSCLC = nonsmall cell lung cancer, SRE = skeletalrelated event, SRS = SRE-free survival.
Kong et al. Medicine (2017) 96:51 Medicine bone metastases. Clinical staging at initial diagnosis, bone pain, radiotherapy of primary tumor, and chemotherapy were independently associated with the SRS of patients with NSCLC and bone metastases. Biphosphonate could improve the prognosis of patients with stage I, II, and III disease. The identification of factors associated with OS and SRS of patients with NSCLC and bone metastases should provide new clues for a better management of these patients.
